TXM-image of octahedral particles after H2S exposure
Figure S1 TXM-micrograph of the octahedral particles after direct exposure to H2S at a photon energy of 525 eV.
Scanning electron microscopy image of CuO before and after 12 H2S measurement cycles using the percolation phase transition Figure S2 Scanning electron microscopy image of particles as deposited (left) and after (right) 110 h of operation including 12 cycles of conversion from CuO to CuS and back, i.e. total of 160h exposed to H2S.
Discussion of the reference material spectra
Figure 3 of the manuscript shows the NEXAFS spectra of the measured reference materials. In the following paragraph the measured spectra are compared to the available literature data of this compounds. In a brief comparison they are in good accordance. In detail:
Copper-(II)-oxide: Cu-L2,3-edge: The Cu 2p spectrum shows two doublets separated by about 20 eV due to the spin orbit splitting. The ground state of CuO can be described as a mixture of 3d 9 and 3d 10 L character, where L stands for a hole in the O 2p band 1, 2, 3, 4, 5, 6 . The main peak for copper-(II)-oxide around 931 eV (2p3/2) corresponds to a 2p
10 final state. In Ref.
6 the main peak of the Cu-L3-edge is given at 930.8 eV (measured with an energy resolution of 200 meV, grating monochromator, total fluorescence yield), whereas the same signal in Ref. 1 is given for photon energy of 931.3 eV (measured with an energy resolution of 400 meV, beryl double-crystal monochromator, total yield mode). Literature data for CuO measured in transmission mode have not been published up to now. Therefore, small differences between the literature and the actual measurement data can be traced back to these experimental differences. The Cu 2p1/2 peak appears approximately 20 eV above the Cu 2p3/2 signal, yet with much lower intensity. This signal is broader due to the shorter core-hole lifetime and the interaction with the 2p3/2 continuum.
O-K-edge:
The spectrum can be divided into two regions. The first signal at 530.3 eV can be attributed to the transition of the oxygen 1s to the 3eg orbital 7 . The 3eg orbital originates from the hybridization of the O 2p and Cu 3d states. The second region 4-10 eV above the threshold is attributed to oxygen p character hybridized with metal 4s and 4p states 7 .
Copper-(I)-oxide: Cu-L2,3-edge:
The spectrum of Cu2O clearly distinguishes from the CuO spectrum. The main lines of the Cu2O spectrum can be found at higher photon energies (933.8 eV and 953.6 eV). The signal at 933.8 eV is asymmetric and followed by a plateau with weak structure on the high-energy site. This can be explained by a fraction of d character in the unoccupied states. The amount of unoccupied d character is related to the unusual structure of Cu2O, in which the Cu is linearly coordinated to two oxygen atoms 1 .
O-K-edge:
The O-K-edge shows the typical pronounced absorption peak at 532.7 eV and minor features at higher photon energies. The main absorption feature can be explained by the transition from the 1s core level to the final states of p symmetry at the oxygen site. The minor features at higher photon energies are caused by the hybridization of the O 2p states with the Cu d and s states 2 .
Copper-(II)-sulfide:

Cu-L2,3-edge:
The signal at 932.2 eV is attributed to the transition of Cu 2p3/2 to 3d states. The equivalence of all Cu sites in CuS is considered in terms of oxidation, that one-third of all Cu sites can be in the Cu(II) state 1, 8 . Therefore, the oxidation state of Cu in CuS is generally assigned to Cu(I) with the electronic configuration 3d
10 -a filled 3d shell 8 . However, the simulations in Ref. 8 clearly demonstrate that there must be an increased contribution of 3d states and thereby the presence of Cu(II) sites. The absorption feature between 934 to 940 eV is attributed to an excitation of the 2p electrons into the conductive band 8 .
O-K-edge:
To the best of our knowledge this spectrum is not to be found among the available literature. It does not show a clear absorption edge, which means that there is no oxygen present in the bulk of the reference material. However, adsorbed oxygen and CO2 molecules at the material surface cannot be completely excluded due to sample preparation at normal atmosphere.
Copper metal: Cu-L2,3-edge:
The recorded NEXAFS signals for the Cu metal sample show a different absorption behavior due to the full 3d states and thereby the formal valence of 0. The L2,3-edge exhibits a step-like behavior, with an around 3 times weaker absorption intensity in absolute scale. This is explained by the smaller matrix elements for the 2p-4s transition and the broad 4s band. Additionally, the 4s wave function is more extended than the 3d orbital; therefore the core-hole effect becomes negligible 1, 2 .
O-K-edge:
The recorded spectrum of the Cu metal sample shows no evidence that the sample was oxidized by atmospheric oxygen during the sample transfer. Figure S3 NEXAFS-Spectra of the O-K-edge of a copper-(I)-oxide reference (orange) and the used polyethylene glycol (PEG) 400 (green) to tune the rheological properties of the particle ink.
Influence of shape in gas sensitivity
The gas sensitive behavior of functional metal oxides can be tailored by controlling both size and shape of the particles. This influence on the sensitivity has been investigated in the temperature regime between 250°C -450°C in dry synthetic air using relevant trace gases in a range of concentrations. In particular, the gas-induced changes in the electrical resistivity of the two shapes of CuO particles towards the reducing gases hydrogen (H2) and ammonia (NH3) have been tested. To this end, spherical particles obtained by adding 0.03 M NaOH and octahedral particles obtained by adding 0.3 M NaOH (following the synthesis route described in the main text) have been used in the gas exposure experiments. In order to reliably compare the gas reaction of differently shaped particles of comparable size, both types have been characterized simultaneously using a fully automated apparatus capable of controlling and reading-out up to 8 sensorial devices in parallel 9 . Figure S4 shows the results of the gas sensitive characterization for hydrogen (H2) and ammonia (NH3). Layers composed of the spherical particles show considerable higher electrical conductivity resulting in a baseline resistivity that is about one order of magnitude below that of the octahedron based layers. To investigate the sensitivity the devices have been exposed to varying levels of hydrogen concentrations ranging from 0 -400 ppm. The detection of hydrogen occurs mainly via chemisorbed oxygen species on the CuO surface as per the following net reactions
depending on the prevailing, temperature-dependent chemisorbed oxygen species. Consequently, for p-type semiconducting CuO layers the resistivity increases due the release of electrons into the CuO layer. Interestingly, for spherical particles the sensitivity is almost temperature independent, whereas for octahedral particles the sensitivity is highest for operational temperatures of 350°C. This is an indication that the chemisorbed oxygen species depend on the exposed crystallographic plane as recently suggested The layer's response towards different concentrations of ammonia gas in the same temperature interval, depicted in Fig. S4b , yields further evidence of the importance of shape in gas sensing applications for functional metal oxide particles. While the detection mechanism and surface chemistry are more complex the sensitivity is still influenced to a large extend by the chemisorbed oxygen species and the net reaction ultimately influencing the resistivity reads However, the detection mechanism undergoes several intermediate steps with ammonia molecules directly adsorbing on the metal oxide surface. For this reason the reaction towards NH3 and intermediate adsorbed species is not fully reversible at temperatures below 350°C since ammonia and intermediate molecules remain adsorbed on the surface. Nonetheless, and in accordance with the results for hydrogen, the sphere-based layer's sensitivity shows little temperature dependence whereas the octahedron-based layer shows the highest sensitivity at 350°C. While for equally shaped
